Proteasome inhibition down-regulates endothelial nitric-oxide synthase phosphorylation and function.
Endothelial nitric-oxide synthase (eNOS) function is fundamentally modulated by protein phosphorylation. In particular, phosphorylation of serine 1179 (bovine)/1177 (human) by Akt has been shown to be the central mechanism of eNOS regulation. Here we revealed a novel role of proteasome in controlling eNOS serine 1179 phosphorylation and function. Rather than affecting eNOS turnover, proteasomal inhibition specifically dephosphorylated eNOS serine 1179, leading to decreased enzymatic activity. Blocking protein phosphatase 2A (PP2A) by okadaic acid or PP2A knockdown restored eNOS serine 1179 phosphorylation and activity in proteasome-inhibited cells. Although total PP2A expression and activity in cells were not affected by proteasome inhibitors, proteasomal inhibition induced PP2A ubiquitination and ubiquitinated PP2A translocated from cytosol to membrane. Further biochemical analyses demonstrated that eNOS associated with PP2A on cell membranes. Proteasomal inhibition markedly enhanced PP2A association to eNOS, and this increase of PP2A dephosphorylated eNOS and its upstream kinase Akt. Taken together, these studies identified a novel pathway in which proteasome modulates eNOS phosphorylation by inducing intracellular PP2A translocation.